(1) What is the smallest possible fusion explosion with high enough energy gain for commercial power production? ** (gain = output/input) (2) How can a minimum size high gain fusion explosion be ignited without use of a fission primary?
* Work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under Contract W-7405-Eng-48. ** The smallest possible nuclear explosion is a fusion explosion, and not a fission explosion, because DT (the most reactive fusion fuel) burns efficiently at a ρR of one gram per cm 2 , whereas a 10-100 fold higher ρR is needed to achieve criticality of a fission system. I proposed a novel scheme: implode a milligram of DT to super high densities by a radiation implosion in a tiny hohlraum energized by a nonnuclear primary external to the hohlraum -an efficient, stand-off, repetitive "primary" (known today as a "driver"). (Figures 1, 2) This scheme exploits the leverage and feasibility of compressing fusion fuel to extremely high densities -one thousand fold compression reduces the fusion "critical mass" one million fold! And the minimum energy required to compress DT 1000 fold is only a few percent of the energy required to heat DT to ignition temperature. Energetically high compressions are almost "free". TN propagation is utilized to fully exploit the compressibility of DT. capsule implosion velocity. Stability is enhanced because thermal radiation rapidly ablates the unstable surface where implosion pressures are generated.
Ablation pressures greater than 100Mb can be generated by several hundred ev radiation temperatures. Corresponding material sound speeds are high enough so that implosion velocities of general hundred Km/s can be efficiently generated.
The enhancement of symmetry, stability, implosion velocity and pressure makes possible the compression of DT to very high densitiesgreater then 1000 times liquid density.
Figures 3 and 4 summarize the chronology of our early steps toward IFE. I will discuss the elements of this chronology in the remainder of my talk.
In early 1960, I completed computer calculations of the radiation implosion, ignition, and efficient burn of 1 mg of DT. ( Figure 5 ) The initial density of the DT enclosed by a thin spherical high density shell was 0.01g/cm 3 , sufficiently low to reduce the radiation temperature necessary to drive the implosion to 240 ev, and reduce energy losses to the hohlraum. *
The DT was imploded to several hundred times liquid density and ignited.
The gain was about 10 (5 MJ input, 50 MJ fusion output). Pulse shaping and TN propagation were not utilized. Improvements in stability and gain were achieved later in 1960.
* Hohlraum losses decline rapidly with decreasing radiation temperature because the radiation flux is proportional to the fourth power of temperature; and in the few hundred ev region, the opacity of wall material varies inversely with the temperature squared. In Spring and Summer 1960, before the invention of the laser, I
considered possible stand-off, non-nuclear primary schemes, including pulsed power machines, charged particle accelerators, plasma guns, and hypervelocity pellet guns.
In Design of fusion implosion to achieve high gains (1960) (1961) Use hollow spherical shell of fuel
Eliminate inert shells
Optimally vary implosion pressure during implosion to:
• achieve efficient (isentropic) compression in most of fuel • achieve ignition temperature in center, and initiate outward TN detonation wave First laser driven radiation implosion experiment (1976) 
